Type 2 diabetes and the insulin resistance syndrome have been hypothesized to constitute manifestations of an ongoing acute-phase response. We aimed to study an interleukin-6 (IL-6) gene polymorphism in relation to insulin sensitivity (I L-6 is the main cytokine involved in an acute-phase response). Subjects homozygous for the C allele at position -174 of the IL-6 gene (SfaNI genotype), associated to lower plasma IL-6 levels, showed significantly lower integrated area under the curve of serum glucose concentrations (AUC glucose ) after an oral glucose tolerance test, lower blood glycosylated hemoglobin, lower fasting insulin levels, lower total and differential white blood cell count (a putative marker of peripheral IL-6 action), and an increased insulin sensitivity index than carriers of the G allele, despite similar age and body composition. A gene dosage effect was especially remarkable for AUC g l u c o s e (6.4 vs. 9.3 vs. 9 . 7 mmol/l in C/C, C/G, and G/G individuals, respectively). The serum concentration of fully glycosylated cortisol binding globulin (another marker of IL-6 action), suggested by concanavalin A adsorption, was lower in C/C subjects than in G/G individuals (32.6 ± 2.9 vs. 37.6 ± 4.6 mg/l, P = 0.03). In summary, a polymorphism of the I L-6 gene influences the relationship among insulin sensitivity, postload glucose levels, and peripheral white blood cell count. Diabetes 49:517-520, 2000 I t has been hypothesized that type 2 diabetes and the insulin resistance syndrome are partly a manifestation of an ongoing acute-phase response (1,2). This hypothesis is based on the findings of increased blood concentrations of markers of the acute-phase response, including C-reactive protein, serum amyloid-A, -1 acid glycoprotein, sialic acid, and cortisol (1-4).
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Interleukin (IL)-6 is a pleiotropic cytokine involved in the regulation of the acute-phase reaction, immune responses, and hematopoiesis. Plasma IL-6 levels are elevated in type 2 diabetic patients, particularly in those with features of the insulin resistance syndrome (1, 2) . Although the concentrations of multiple components of the acute-phase response increase together, not all of them increase uniformly in all patients. These variations indicate that the components of the acute-phase response are individually regulated, and this may be explained in part by differences in the pattern of production of specific cytokines (5) . Recently, it has been reported that a polymorphism in the 5 flanking region of the I L-6 gene alters the transcriptional response to stimuli such as endotoxin and IL-1 (6) .
In addition to its role in acute-phase response, IL-6 has been recently shown to be released by adipose tissue, and this release is greater in obese subjects, especially in those with a higher waist-to-hip ratio (7) . Furthermore, IL-6 increases p o s t p r a n d i a l l y, in parallel to glucose and insulin levels, in the interstitial fluid of subcutaneous adipose tissue (8) . This increase suggests that IL-6 might modulate adipose glucose metabolism in the fed state.
A G/C polymorphism of the I L-6 gene at position -174 has been found to be associated with different transcription rates. Specific a l l y, subjects with the C/C genotype showed lower plasma IL-6 levels compared with G/C or G/G subjects (6) . Given the higher IL-6 levels found in patients with the insulin resistance syndrome and the possible role of IL-6 in postprandial adipose glucose metabolism, we aimed to study the G/C polymorphism of I L-6 in relation to postload glucose levels and insulin sensitivity.
Anthropometric and biochemical characteristics of the subjects at the time of entry into the study are shown in Ta b l e 1. The sample of 32 subjects was divided into two groups on the basis of I L-6 genotype. Of the subjects, 21 had a G at position -174 of the I L-6 gene: 13 heterozygous (C/G) and 8 homozygous (G/G). There were 11 subjects homozygous for the presence of C at this position.
Subjects homozygous for the C allele, associated with lower plasma levels of IL-6 in a recent study (6) , were similar in age, sex, BMI, fat mass, and waist-to-hip ratio in comparison with carriers of the G allele (Ta b l e 1). However, these subjects showed significantly lower fasting insulin levels and an increased insulin sensitivity index than carriers of the G allele (Ta b l e 1). The integrated area under the curve of serum glucose concentrations (AUC g l u c o s e ) after an oral glucose tolerance test ( Fig. 1 ) and blood glycosylated hemoglobin were significantly lower in these subjects (Ta b l e 1) in the presence of nonsignificantly different integrated insulin levels. A gene dosage effect was especially remarkable for A U C g l u c o s e (6.4 vs. 9.38 vs. 9.7 mmol/l in C/C, C/G, and G/G individuals, respectively) despite similar age, BMI, fat mass, and fat-free mass among these groups.
We measured peripheral white blood cell (WBC) count and used it as a marker of peripheral IL-6 action. As shown in Ta b l e 2 and Fig. 2 , subjects homozygous for the C allele displayed significantly lower total and differential WBC count in comparison with carriers of the G allele. Insulin sensitivity s i g n i ficantly correlated with peripheral WBC count (r = -0.48, P = 0.001), neutrophil count (r = -0.50, P = 0.001), and lymphocyte count (r = -0.34, P = 0.02).
Plasma levels of glycosylated cortisol binding globulin (CBG) were not significantly different among groups of subjects. However, C/C homozygous individuals showed significantly lower plasma glycosylated CBG (32.6 ± 2.9 vs. 37.6 ± 4 . 6 mg/l, P = 0.03) than G/G individuals.
We describe here that a polymorphism of the I L-6 gene at position -174 is associated with insulin resistance, postload glucose levels, and with two markers of putative IL-6 action, peripheral WBC count, and glycosylated CBG (12) (13) (14) . When comparing constructs of the 5 flanking region of IL-6 in a luciferase reporter vector transiently transfected into He La cells, the -174 C construct showed lower expression than the -174 G construct (6) . This different transcription rate was supported by the in vivo observation that IL-6 levels were lower in normal subjects with the C/C genotype (6) . From our fin dings, it could be speculated that those individuals with the G allele would be prone to develop insulin resistance and increased plasma markers of the acute-phase response. The mechanism by which IL-6 would induce insulin resistance is unknown. The M value (a measure of insulin sensitivity), obtained using a euglycemic-hyperinsulinemic glucose clamp, was significantly lower in the patients with cancer that displayed increased circulating IL-6 levels (9). IL-6 stimulates the release of ACTH. In fact, higher cortisol levels, a wellknown inducer of insulin resistance, are described in type 2 diabetic patients with the insulin resistance syndrome (1). H o w e v e r, it should be kept in mind that cytokines operate both as a cascade and as a network and can regulate the production of other cytokines and cytokine receptors (5) . In this sense, perhaps the increased production of IL-6 is merely r e flecting the actions of other cytokines more closely involved in insulin resistance, such as tumor necrosis factor-.
Smaller numbers of peripheral blood neutrophils in IL-6 knockout mice have been observed (10, 11) . A higher peripheral WBC count has been associated with insulin resistance since the preliminary observations of Facchini et al. (12) . In p a r t i c u l a r, it was observed that WBC count significantly correlated with insulin-mediated glucose disposal during a euglycemic clamp (12) . In a subsequent study, it was demonstrated that neutrophil and lymphocyte count correlated positively with several components of the insulin resistance syndrome and that plasma insulin concentration was specifically asso- ciated with lymphocytes and monocytes (13) . These associations were confirmed in our study subjects. Given that IL-6 is involved in hematopoiesis (14), we suggest that these associations might in part be due to different IL-6 levels attributed to the IL-6 polymorphism at position -174. Those subjects with the G allele would be prone, simultaneously, to insulin resistance and higher peripheral WBC counts.
Given that IL-6 induces posttranslational changes in acutephase protein glycosylation through oligosaccharide branching (15), we studied the glycosylation of CBG, a negative acute-phase protein (16). We did not find significant differences in plasma glycosylated CBG among subjects with different IL-6 genotypes. However, when comparing C/C homozygotes with G/G homozygotes, subjects of the latter group displayed significantly higher plasma concentrations of glycosylated CBG. In addition, the individuals that showed the highest glycosylated CBG levels were those with the G allele-presumably those with the higher IL-6 levels. Thus, the percentage of fully glycosylated CBG, as suggested by concanavalin A (ConA) adsorption, was higher in those G/G subjects who are believed to show a high IL-6 secretion rate. By increasing CBG glycosylation, IL-6 may decrease the halflife (or plasma clearance rate) of CBG with a consequent increase in its serum concentration.
We did not measure plasma IL-6 levels because of their low plasma half-lives and the presence of blocking factors. The circulating cytokine molecules are seldom found in the unbound state. They are almost always bound to binding or carrier proteins, autoantibodies, and soluble receptors. The usual sandwich format immunoassays recover free and some predictably bound cytokines, but miss other cytokines bound by unpredictable binding entities and cytokines not revealed by the kinetics of the assay protocol. We indirectly measured the effects of IL-6 through peripheral WBC count and glycosylated CBG.
Considerable interethnic variation in the frequencies of polymorphisms of IL-6 has been demonstrated (6, 17) , which is consistent with the different allelic frequency obtained in our study in comparison with other populations (6) .
In summary, a polymorphism of the IL-6 gene influences the relationship among insulin sensitivity, postload glucose levels, and peripheral blood cell count. In evolutionary terms, we have hypothesized that genetic predisposition to insulin resistance and inflammation could be beneficial in the response to starvation and injury for our ancestors (18), a matter that merits further research.
RESEARCH DESIGN AND METHODS
S u b j e c t s . There were 32 healthy subjects (15 men and 17 women) prospectively studied. All subjects were of Caucasian origin from Catalonia (northern part of Spain). Inclusion criteria were as follows: 1) BMI (weight in kilograms divided by the square of height in meters) <40 k g / m 2 , 2) absence of any systemic disease, and 3) absence of any infections in the previous month. None of the subjects were taking any medication (including glucocorticoids or estrogens) or had any evidence of metabolic disease other than obesity. Liver disease and thyroid dysfunction were specifically excluded by biochemical workup. The protocol was approved by the Hospital Ethics Committee, and informed consent was obtained from each subject. P r o c e d u r e s . Anthropometric parameters, blood pressure, and post-oral load glucose and insulin levels were measured as previously reported (19) .
Insulin sensitivity was analyzed using the frequently sampled intravenous glucose tolerance test (FSIVGT) with minimal model analysis as described elsewhere (19) .
The serum glucose level during the FSIVGT was measured in duplicate by the glucose oxidase method with a glucose analyzer 2 (Beckman, Brea, CA). The coefficient of variation was 1.9%. The serum insulin level during the FSIVGT was measured in duplicate by monoclonal immunoradiometric assay (IRMA; Medgenix Diagnostics, Fleunes, Belgium). Intra-and interassay coefficients of variation were similar to those previously reported (19) . Blood HbA 1 c concentrations were analyzed by high-pressure liquid chromatography (Merck Diagnostics, Rahway, NJ), with coefficients of variation <4%. The range for HbA 1 c in glucose tolerant subjects was 3 . 8 -5 . 4 3 % . White blood total and differential cell count. White blood total and differential cell count was determined by routine laboratory tests (Coulter Electronics, Hialeah, FL). CBG and glycosylated CBG measurements. Plasma CBG concentration was measured by using a radioimmunoassay as previously described (20) . . PCR products were digested with S f aNI restriction enzyme at 37°C overnight and electrophoresed on a 2% agarose gel. S f aNI restriction fragment-length polymorphism (RFLP) was detected by ethidium bromide staining. DNA was extracted from cellular blood components by the salting-out method. PCR was used to detect the IL-6 S f aNI RFLP. The identified genotypes were named according to the presence or absence of the enzyme restriction sites, so S f aNI G/G, G/C, and C/C are homozygous for the presence of the site (140/58 bp), heterozygotes for the presence and absence of the site (198/140/58 bp), and homozygous for the absence of the site (198 bp), respectively. The frequency of the alleles was C: 0.55 and G: 0.45. The population was in the HardyWeinberg equilibrium. X values were 1.30 and P = 0.52. Statistical analysis. Descriptive results of continuous variables are expressed as mean ± SD. Before statistical analysis, normal distribution and homogeneity of the variables were tested. Parameters that did not fulfill these tests (WBC count, CBG, glycosylated CBG, and insulin sensitivity index) were log-transformed.
Comparison of variables between groups of subjects was performed using the Stud e n t 's t t e s t .
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